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,QWHUQDWLRQDO&RQIHUHQFHRQ0HFKDQLFDODQG(OHFWURQLF(QJLQHHULQJ
7KH5HVHDUFKRQ&RQWURO7\SHDQG&RQWURO6WUDWHJ\RI
6\QFKURQRXV+\GUDXOLF&ORVHGORRS&RQWURO6\VWHP
/L-LQJIX
&KHQ]KRX9RFDWLRQDO7HFKQLFDO&ROOHJH
$EVWUDFW
2SHQORRSFRQWURORIK\GUDXOLFGULYHQV\QFKURQRXVO\EHFDXVHLWUHOLHVHQWLUHO\RQWKHK\GUDXOLFFRQWUROWKHV\QFKURQRXV
GULYHRIWKHDFWXDWRUWRFRQWUROWKHDFFXUDF\RIWKHFRPSRQHQWVWKHPVHOYHVUDWKHUWKDQWKHRXWSXWRIWKHDFWXDWRUWHVWLQJ
DQGIHHGEDFNVRLWFDQQRWHOLPLQDWHRULQKLELWWKHDGYHUVHHIIHFWVRIKLJKSUHFLVLRQV\QFKURQL]DWLRQ,QWKLVSDSHUWKH
K\GUDXOLFFRQWUROV\VWHPIRUWKHFODVVLILFDWLRQRIV\QFKURQL]DWLRQFRPSDULVRQRIWKHYDULRXVW\SHVRIFRQWUROVWUDWHJLHV
DSSOLFDWLRQVDQGK\GUDXOLFV\QFKURQRXVFRQWUROV\VWHPIRUSUDFWLFDODSSOLFDWLRQLQLQGXVWU\

3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,QIRUPDWLRQ(QJLQHHULQJ5HVHDUFK,QVWLWXWH

.H\ZRUGVK\GUDXOLFV\QFKURQL]DWLRQFORVHGORRSFRQWUROFRQWUROVWUDWHJ\
,QWURGXFWLRQ
:LWK WKH GHYHORSPHQW RI DHURVSDFH WHFKQRORJ\ DQGPRGHUQPDFKLQHU\ DQG SURFHVVLQJ LQGXVWULHVPHWDO
SURFHVVLQJ HTXLSPHQW PHWDOOXUJLFDO PDFKLQHU\ FRQVWUXFWLRQ PDFKLQHU\ DQG DHURVSDFH DQG DYLDWLRQ GULYH
GHYLFHV LQFUHDVLQJO\ XUJHQW QHHG IRU KLJKSUHFLVLRQ V\QFKURQRXV GULYH WHFKQRORJ\ $PRQJ WKHP WKH
K\GUDXOLF V\QFKURQRXV GULYH RFFXSLHV D YHU\ LPSRUWDQW SRVLWLRQ 7KLV LV EHFDXVH FRPSDUHG ZLWK RWKHU
V\QFKURQRXV GULYH K\GUDXOLF V\QFKURQRXV GULYH KDV D VLPSOH VWUXFWXUH FRPSRVHG RI FRQYHQLHQW HDV\ WR
FRQWURODQGVXLWDEOHIRUKLJKSRZHUDSSOLFDWLRQV
7KH K\GUDXOLF V\QFKURQL]DWLRQ FORVHGORRS FRQWURO UHO\ RQ WKH GHWHFWLRQ DQG IHHGEDFN RI WKH RXWSXW
TXDQWLW\ZKLFK FRQVWLWXWHV WKH IHHGEDFN ORRS FRQWURO ODUJHO\ HOLPLQDWLQJ RU LQKLELWLQJ WKH DGYHUVH IDFWRUV
DFFXUDWH V\QFKURQRXV GULYLQJ &ORVHGORRS FRQWURO RI K\GUDXOLF V\QFKURQL]DWLRQ KDV EHHQ PRUH DWWHQWLRQ
HVSHFLDOO\ ZLWK WKH GHYHORSPHQW RI PRGHUQ FRQWURO WKHRU\ DQG FRPSXWHU FRQWURO WHFKQRORJ\ WKH IRUPV RI
FRQWUROLQDOPRVWDOOW\SHVRIKRVWSUHFLVLRQK\GUDXOLFV\QFKURQL]DWLRQGULYHQPRUHJRRGDSSOLFDWLRQ
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)RUPFODVVLILFDWLRQRIK\GUDXOLFV\QFKURQL]DWLRQFORVHGORRSFRQWUROV\VWHP
6RIDUWKHK\GUDXOLFV\QFKURQRXVIRUPRIFORVHGORRSFRQWURO
 'LIIHUHQW RU FRQWURO RXWSXW WR DFKLHYH WKH WDVN K\GUDXOLF V\QFKURQL]DWLRQ FORVHGORRS FRQWURO LV
GLYLGHG LQWR IRUFH V\QFKURQL]DWLRQ FORVHGORRS FRQWURO WKH VSHHG V\QFKURQL]DWLRQ FORVHGORRS FRQWURO DQG
SRVLWLRQV\QFKURQL]DWLRQFORVHGORRSFRQWURORIWKHWKUHHIRUPV
 &KDUJHG ZLWK WKH QXPEHU RI DFWXDWRUV K\GUDXOLF V\QFKURQL]DWLRQ FORVHG ORRS FRQWURO KDV GXDO
DFWXDWRUVDQGDFWXDWRUVV\QFKURQL]HGFORVHGORRSFRQWURORIWKHSRLQWV
 FKDUJHGZLWK WKH LPSOHPHQWDWLRQ RI FRPSRQHQWV RI WKH W\SH DQG VWUXFWXUH LQVWDOOHG LQ WKH IRUP DQG
GLUHFWLRQ RIPRYHPHQW RI GLIIHUHQW K\GUDXOLF V\QFKURQL]DWLRQ FORVHGORRS FRQWURO LV GLYLGHG LQWR K\GUDXOLF
F\OLQGHUVV\QFKURQL]DWLRQFORVHGORRSFRQWURORIWKHK\GUDXOLFPRWRUFORVHGORRSFRQWURO,QVWDOOHGLQWKHIRUP
DQGGLUHFWLRQRIPRYHPHQWRIWKHK\GUDXOLFDFWXDWRUKDVDGLUHFWLPSDFWRQWKHSHUIRUPDQFHRIV\QFKURQRXV
FRQWUROK\GUDXOLFV\QFKURQL]DWLRQORRSKRUL]RQWDODQGYHUWLFDOFRQWUROFDQEHVXEGLYLGHGLQWRWZRIRUPV
 DFFRUGLQJ WR WKH GLIIHUHQW FRQWURO HOHPHQWV K\GUDXOLF V\QFKURQL]DWLRQ FORVHGORRS FRQWURO LV GLYLGHG
LQWRV\QFKURQL]DWLRQFORVHGORRSFRQWURORIV\QFKURQL]DWLRQRIFORVHGORRSFRQWURORIWKHIROORZLQJILYHW\SHV
PHFKDQLFDO K\GUDXOLF VHUYR YDOYHV DQG RWKHU FRPSRQHQWV HOHFWURK\GUDXOLF VHUYR YDOYH HOHFWURK\GUDXOLF
SURSRUWLRQDO YDOYHV DQG RWKHU FRPSRQHQWV V\QFKURQL]DWLRQ 7KH FORVHGORRS FRQWURO GLJLWDO YDOYH
V\QFKURQL]DWLRQ FORVHGORRS FRQWURO DQG HOHFWURQLFDOO\ FRQWUROOHG YDULDEOH GLVSODFHPHQW SXPS
V\QFKURQL]DWLRQFORVHGORRSFRQWURO
,Q DGGLWLRQ WKH DERYH FODVVLILFDWLRQ RI YDULRXV K\GUDXOLF V\QFKURQL]DWLRQ FORVHGORRS FRQWUROV FDQ EH
FRPELQHGWRIRUPDKXJHK\GUDXOLFV\QFKURQL]DWLRQFORVHGORRSFRQWURORIWKHFODVVLILFDWLRQV\VWHP
&RPSDULVRQRIK\GUDXOLFV\QFKURQL]DWLRQFORVHGORRSFRQWUROV\VWHP
+\GUDXOLFV\QFKURQL]DWLRQRIWKHFORVHGORRSFRQWURORIYDULRXVIRUPVVLQFHWKHYDULRXVFRQWUROHOHPHQWV
EHWZHHQWKHH[LVWHQFHRIGLIIHUHQFHVLQWKHVWUXFWXUHDQGSURSHUWLHVRIWKHK\GUDXOLFDFWXDWRUVLQJOHDFWLQJ
K\GUDXOLFF\OLQGHUZLWKDGRXEOHDFWLQJK\GUDXOLFF\OLQGHU VWUXFWXUHDQG LQVWDOODWLRQRIGLIIHUHQWZD\VRWKHU
UHDVRQVUHVXOWLQJLQWKHIRUPRIWKHFRUUHVSRQGLQJFRQWURODOOKDYHWKHLURZQGLVWLQFWLYHFKDUDFWHULVWLFV
(OHFWURK\GUDXOLF VHUYR YDOYH FRQWURO HOHFWURK\GUDXOLF VHUYR YDOYH LV D NLQG RI KLJKSUHFLVLRQ KLJK
IUHTXHQF\UHVSRQVHRIHOHFWURK\GUDXOLFFRQWUROFRPSRQHQWVK\GUDXOLFFRPSRVLWLRQZKLFKQRWRQO\KDVDKLJK
UHVSRQVH VSHHG FORVHGORRS FRQWURO V\VWHP V\QFKURQL]DWLRQ DQG V\QFKURQL]DWLRQ FRQWURO RI KLJK SUHFLVLRQ
+\GUDXOLF VHUYR YDOYHV WKH K\GUDXOLF V\QFKURQL]DWLRQ FORVHG ORRS FRQWURO KLJK V\QFKURQL]DWLRQ DFFXUDF\
UHTXLUHPHQWVJHQHUDOO\DSSOLFDEOHWRYDULRXVW\SHVRIKRVW
(OHFWURK\GUDXOLF SURSRUWLRQDO YDOYH FRQWURO HOHFWURK\GUDXOLF SURSRUWLRQDO YDOYH LV D QHZ HOHFWUR
K\GUDXOLFFRQWUROFRPSRQHQWVDOWKRXJKLWLVORZHUWKDQWKHIUHTXHQF\UHVSRQVHRIWKHHOHFWURK\GUDXOLFVHUYR
YDOYHEXWEHFDXVHRILWVORZHUFRVWKLJKFRQWDPLQDWLRQUHVLVWDQFHJRRGSHUIRUPDQFHVRE\LWVFRPSRVHGRI
V\QF FORVHGORRS FRQWURO KDV EHHQ XVHG H[WHQVLYHO\ IRU WKH V\VWHP IUHTXHQF\ UHVSRQVHPRGHUDWH DQG QHHG
KLJKHUV\QFKURQL]DWLRQDFFXUDF\KRVWRQDQGKDVDJRRGSURVSHFWLQLQGXVWULDODSSOLFDWLRQV
'LJLWDO YDOYH FRQWURO GLJLWDO FRQWURO YDOYH LV WKH HDUO\ HLJKWLHV EHIRUH JUDGXDOO\ GHYHORSHG DQRWKHU
K\GUDXOLF LQWHJUDWLRQ FRQWURO FRPSRQHQWV ,WVPRVW LPSRUWDQW IHDWXUH LV WKH DELOLW\ WR DGDSW WR WKH QHHGV RI
FRPSXWHUFRQWUROOHGGLUHFWGLJLWDOFRQWUROHOLPLQDWLQJWKHQHHGIRUJHQHUDOFRPSXWHUFRQWUROV\VWHPPXVW'
$FRQYHUWHU ,QDGGLWLRQ WKHYDOYHDOVRKDVDKLJKHUFRQWDPLQDWLRQUHVLVWDQFH7KHUHIRUH LW LVFRPSRVHGRI
K\GUDXOLF V\QFKURQL]DWLRQ FORVHGORRS FRQWURO V\VWHP LV HDV\ WR FRQWURO KLJK UHOLDELOLW\ KLJK UHSHWLWLRQ
DFFXUDF\ WKH VWUXFWXUH LV VLPSOH DQG HDV\ WR LPSOHPHQW FRPSXWHU GLUHFW FRQWURO 2I FRXUVH WKLV IRUP RI
FRQWURORIWKHV\QFKURQRXVFRQWURODFFXUDF\E\WKHQXPEHURISXOVHVRIWKHVWHSSHUPRWRUGULYHVLJQDOV WKH
SXOVHGXW\F\FOHDQGFRPSXWHUKDUGZDUHVRIWZDUHHIIHFWV
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7KHPDFKLQH K\GUDXOLF VHUYR YDOYH FRQWURO&RPSDUHGZLWK WKH WKUHH IRUPV D GLVWLQFWLYH IHDWXUH RI WKH
FORVHGORRS FRQWURO V\QFKURQL]DWLRQ RI PHFKDQLFDO K\GUDXOLF VHUYR YDOYH LV WKDW LW XVHV WKH PHFKDQLFDO
IHHGEDFNGHWHFWLRQIRUPRIFORVHGORRSFRQWURO7KXVLWVFRPSRVLWLRQLVVLPSOHORZFRVWJHQHUDOO\DSSOLFDEOH
WRFRQWUROV\QFKURQL]DWLRQDFFXUDF\LVQRWKLJKWKHKLJKIUHTXHQF\UHVSRQVHRIWKHV\VWHPQHHGWRGULYHWKH
KRVW
3XPSFRQWUROPRWRURUSXPSFRQWUROF\OLQGHUK\GUDXOLF V\QFKURQL]DWLRQFORVHG ORRSFRQWURO V\VWHP WKH
UHODWLYHYDOYHFRQWUROOLQJF\OLQGHUPRWRUV\VWHPHIILFLHQF\KLJKVORZUHVSRQVHJHQHUDOO\DSSOLFDEOHWRKLJK
SRZHUDQGKLJKIUHTXHQF\UHVSRQVHRFFDVLRQV
+RUL]RQWDOK\GUDXOLFF\OLQGHUV\QFKURQRXVFORVHGORRSFRQWURORIK\GUDXOLFF\OLQGHUVPRXQWHGKRUL]RQWDOO\
DQG WKHKRUL]RQWDOPRYHPHQWRI WKHSLVWRQURGRUF\OLQGHUVR WKHUH LVQRJUDYLW\ ORDG LWZLOOQRWFDXVH WKH
GLUHFWLRQRIWKHWZRSRZHUG\QDPLFVLQFRQVLVWHQWSHUIRUPDQFHRIV\QFKURQRXVFRQWURO7KHV\VWHPDFFXUDF\
FKDQJHV,QFRQWUDVWYHUWLFDOK\GUDXOLFF\OLQGHUV\QFKURQRXVF\OLQGHUFORVHGORRSFRQWUROWKHUHLVWKHUROHRI
WKHJUDYLWDWLRQDO ORDGUHVXOWLQJIURPWKHK\GUDXOLFF\OLQGHUPRXQWHGYHUWLFDOO\ WKHG\QDPLFSHUIRUPDQFHRI
WKH F\OLQGHU LQ ERWK GLUHFWLRQV RI PRYHPHQW DQG PD\ FDXVH LQFRQVLVWHQW WR ERWK SRVLWLYH DQG QHJDWLYH
GLUHFWLRQ RIPRYHPHQW KLJKSUHFLVLRQ V\QFKURQL]DWLRQ FRQWURO GLIILFXOW 7KLV JUDYLW\ ORDG RI LQWHUIHUHQFH
SKHQRPHQRQLVHVSHFLDOO\VHULRXVELJORDGV\QFKURQL]DWLRQUDLVHGRUORZHUHG
$V\PPHWULFK\GUDXOLFF\OLQGHULVDVLQJOHRXWSXWK\GUDXOLFF\OLQGHUURGLQWRWKHPRVWLPSRUWDQWIHDWXUHLV
LWV VWUXFWXUH DQGEDFN WR WKHRLO FDYLW\SUHVVXUHDUHD LVQRW HTXDO ,WVPDLQDGYDQWDJH LV D VLPSOH VWUXFWXUH
HDV\ WR PDQXIDFWXUH XQLODWHUDO VOLGLQJ VHDOLQJ HIILFLHQF\ DQG KLJK UHOLDELOLW\ DQG VPDOO ZRUNLQJ VSDFH
6\PPHWULFDOK\GUDXOLFF\OLQGHULVDNLQGRIWZRZD\GRXEOHSROHRXWSXWK\GUDXOLFF\OLQGHULWVPRVWLPSRUWDQW
IHDWXUHLVLQWREDFNWRWKHRLOFDYLW\SUHVVXUHHTXDODUHDEXWLWVVWUXFWXUHLVPRUHFRPSOH[WKHVOLGLQJIULFWLRQ
UHVLVWDQFHLQFUHDVHVWKHQHHGWRUXQVSDFH,QYLHZRIWKHDERYHFKDUDFWHULVWLFVRIWKHWZRK\GUDXOLFF\OLQGHUV
WKHDV\PPHWULFK\GUDXOLFF\OLQGHUK\GUDXOLFV\QFKURQL]DWLRQFORVHGORRSFRQWUROWKHUHZDVDKXJHGLIIHUHQFH
LQWKHIRUZDUGDQGUHYHUVHV\QFKURQL]DWLRQFRQWUROSHUIRUPDQFHDQGWKLVKDVEURXJKWWURXEOHWRDQDO\]HDQG
FRQWURO ,Q FRQWUDVW WKH V\PPHWULFDO K\GUDXOLF F\OLQGHU K\GUDXOLF V\QFKURQL]DWLRQ FORVHGORRS FRQWURO GRHV
QRWH[LVWRQWKHV\QFKURQL]DWLRQFRQWUROSHUIRUPDQFHGLIIHUHQFHV
$SSOLFDWLRQRIWKHFRQWUROVWUDWHJ\
8VLQJ WKH K\GUDXOLF V\QFKURQL]DWLRQ FORVHGORRS FRQWURO SXUSRVHV LV WR WDNH DGYDQWDJH RI WKH
FKDUDFWHULVWLFVRIWKHFORVHGORRSFRQWUROIRUKLJKSUHFLVLRQV\QFKURQL]DWLRQFKDUJHGZLWKPXOWLSOHH[HFXWLRQ
FRPSRQHQWVDQGRXWSXWORDG)RUWKHFORVHGORRSFRQWUROIRUK\GUDXOLFV\QFKURQL]DWLRQWKHVDPHZD\DQG
PDVWHUVODYHPRGHLVXVXDOO\XVHGLQWZRFRQWUROVWUDWHJLHV7KHVDPHZD\UHIHUVWRPRUHWKDQRQHQHHG
V\QFKURQL]DWLRQFRQWURODFWXDWRULGHDORXWSXWWUDFNVHWZHUHDOOXQGHUFRQWURODQGDFKLHYHV\QFKURQRXVGULYH
7KHPDVWHUVODYHPRGHUHIHUVWRWKHV\QFKURQRXVFRQWURORIDQDFWXDWRURIDSOXUDOLW\RIUHTXLUHGWRRQHRI
WKH RXWSXW RI WKH LGHDO RXWSXW ZKLOH WKH UHVW RI WKH H[HFXWLRQ HOHPHQW XQGHU FRQWURO WR NHHS WUDFN RI WKH
VHOHFWHG LGHDO RXWSXW DQG DFKLHYH V\QFKURQRXV GULYH &RPSDULQJ WKH WZR LQ RUGHU WR REWDLQ WKH SUHFLVLRQ
V\QFKURQL]DWLRQ RXWSXW LV UHTXLUHG WR V\QFKURQL]H WKH ZRUN DW WKH HTXLYDOHQW ZD\ K\GUDXOLF FORVHGORRS
FRQWUROV\VWHPRI WKHH[HFXWLYHFRPSRQHQWV WKHIHHGEDFNVKRXOGKDYH VWULFWPDWFKLQJUHODWLRQVKLSEHWZHHQ
WKH SHUIRUPDQFH RI WKH GHWHFWLRQ HOHPHQW DQG WKH FRQWURO HOHPHQW HWF 2EYLRXVO\ WKLV LQGXVWULDO DGGHG
GLIILFXOW\
6\QFKURQL]DWLRQHUURUFRUUHFWLRQDQGV\QFKURQL]DWLRQFRQWUROEORFNGLDJUDP2SWLPDO WUDFNLQJFRQWURORI
WKHVLQJOHEUDQFKWKDW LW LVEDVHG LQRUGHUWREHGULYHQV\QFKURQRXVO\ZLWKWKHRXWSXWPHPEHUDVDWUDFNLQJ
WDUJHWE\WKHIHHGEDFNFRQWURORIWKHWUDFNLQJHUURULVPLQLPL]HGDQGWKHRXWSXWV\QFKURQL]DWLRQHUURURIWKH
WZRDFWXDWRUVUHVSHFWLYHO\V\QFKURQRXVFRPSHQVDWRUFRQWURO,WLVEDVHGRQWKHFRUUHVSRQGLQJVWDWHRIWKHWZR
DFWXDWRUVGLVSODFHPHQWYHORFLW\DQGDFFHOHUDWLRQRIWKHGLIIHUHQFHH[FHHGVDPLQLPXPWDUJHWGLIIHUHQFHYLD
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D VWDWH IHHGEDFN WR DFKLHYH WKH V\QFKURQRXV GULYH RI WKH WZR DFWXDWRUV 7KH FRQWUDVW FDQ EH GUDZQ WKH
LQGHSHQGHQW IHHGEDFN FRUUHFWLRQ V\QFKURQL]DWLRQ FRQWURO DQG WRWDO IHHGEDFN RI FRUUHFWLQJ V\QFKURQL]DWLRQ
FRQWUROZLWKFRQWUROVWUDWHJLHVDUHWKHVDPHZD\WKHWRWDOIHHGEDFNV\QFKURQL]DWLRQHUURUFRUUHFWLRQFRQWURO
DQG VWDWXV V\QFKURQL]DWLRQ GLIIHUHQFH FRUUHFWLRQ WKH V\QFKURQRXV FRQWURO EHORQJ WR WKH VDPHPDVWHUVODYH
PRGH&RQWUROVWUDWHJ\)RXUFRQWUROVWUDWHJLHVWKHVWDWXVGLIIHUHQFHFRUUHFWLRQV\QFKURQL]DWLRQFRQWUROFDQJHW
D KLJKHU V\QFKURQL]DWLRQ DFFXUDF\ EXW LW QHHGV WR LQFUHDVH WKH VHQVLQJ HOHPHQW VR WKH FRPSRVLWLRQ RI WKH
FRPSOH[LW\RIWKHV\VWHPWKHVWUXFWXUDOSDUDPHWHUVRIWKHGHVLJQDQGDGMXVWDFFRUGLQJO\GLIILFXOW
SRVLWLRQFRQWUROOHUGHVLJQ
+\GUDXOLFYDOYHLQWKHK\GUDXOLFFRQWUROV\VWHPVXFKDVWKHLPSOHPHQWDWLRQQHHGFRUUHVSRQGHQFHRIWKH
RXWSXWDQGWKHYDOYHRSHQLQJGHJUHHSRVLWLRQWKHSRVLWLRQW\SH3,'7KHGLVFUHWHFRQWURODOJRULWKPLV
8Q²²WKHQWKVDPSOLQJWLPLQJFRQWUROOHURXWSXW
HQ²²WKHQWKVDPSOLQJLQVWDQWGHYLDWLRQ.Sǃ.-ǃ.'SURSRUWLRQLQWHJUDOGLIIHUHQWLDOFRHIILFLHQW
,Q WKH EHJLQQLQJ RI WKH FRQWURO SURJUDP LW LV QHFHVVDU\ WR LQLWLDOL]H WKH WKUHH SDUDPHWHUV RI WKH 3,'
FRQWUROOHU DQG WKHUHIRUH UHVSRQG WR WKH3,'SDUDPHWHUV RI WKHSUHWXQLQJ WR GHULYH WKH LQLWLDO YDOXHVRI WKH
SDUDPHWHURI.S.-.'*HQHUDOFDQEHWULDODQGHUURUPHWKRGH[SDQVLRQWKHFULWLFDOSURSRUWLRQDOODZ
H[SDQVLRQ RI WKH UHVSRQVH FXUYH PHWKRG %XW UHJDUGOHVV RI ZKDW PHWKRG RI WXQLQJ 3,' SDUDPHWHUV RQFH
FDOFXODWHGLQWKHZKROHFRQWUROSURFHVVLVIL[HG$FWXDOFRQWUROSURFHVVLQRUGHUWRPDNHWKHV\VWHPKDVDJRRG
G\QDPLFSHUIRUPDQFHZHKRSHWKDWWKHWKUHHSDUDPHWHUVRIWKH3,'FDQEHEDVHGRQWKHVWDWXVRIWKHFXUUHQW
V\VWHPWRPDNHWKHDSSURSULDWHDGMXVWPHQWV$QGVXFKVLPSOHPDWKHPDWLFDOPRGHOEDVHGFRQWURODOJRULWKPLV
GLIILFXOWWRPHHWWKHUHTXLUHPHQWVRIWKHFRQWUROV\VWHPDQGJHWWKHG\QDPLFSHUIRUPDQFHHVSHFLDOO\ZKHQWKH
V\VWHP SDUDPHWHUV FKDQJH DQG ORDG GLVWXUEDQFH WKLV SKHQRPHQRQ KDV EHHQ SDUWLFXODUO\ HYLGHQW )RU WKLV
UHDVRQWKHLQWURGXFWLRQRIIX]]\FRQWUROWHFKQRORJ\EDVHGRQH[SHUWNQRZOHGJHDQGRSHUDWLRQDOH[SHULHQFH
DGMXVWHGDFFRUGLQJWRWKHVL]HRIWKHGHYLDWLRQDQGWKHUDWHRIFKDQJHRIWKHWKUHHSDUDPHWHUVRI.Sǃ.-ǃ.'
VL]HODUJHO\WRPDNHXSIRUWKHOLPLWDWLRQVRIWUDGLWLRQDOFRQWURODOJRULWKPWRREWDLQJRRGFRQWUROHIIHFW
H[SORUHWKHSDUDPHWHUDGMXVWPHQWUXOHV
8QGHUVWDQGLQJRIWKHWKHRU\RI3,'FRQWURODQGDVXPPDU\RIWKHORQJWHUPH[SHULHQFHLQWKHPDQXDOZH
FDQVHHWKH3,'SDUDPHWHUVWRDGDSWWRWKHG\QDPLFSURFHVVRIWKHV\VWHPVKRXOGEHEDVHGRQWKHIROORZLQJ
SRLQWV
7KHGHYLDWLRQLVUHODWLYHO\ODUJHVRDVVRRQDVSRVVLEOHWRHOLPLQDWHWKHGHYLDWLRQDQGWRLPSURYHWKH
UHVSRQVHVSHHGWKHVDPHWLPHLQRUGHUWRDYRLGWKDWWKHV\VWHPUHVSRQVHWRWKHRYHUVKRRW.SWDNHODUJHYDOXHV
., WDNH ]HUR FRPSDULVRQ ZLWK WKH GHYLDWLRQ RI KRXUV WR FRQWLQXH WR UHGXFH WKH GHYLDWLRQ DQG WR SUHYHQW
RYHUVKRRWWRRRVFLOODWLRQVWDELOLW\GHWHULRUDWH.SYDOXHGHFUHDVHV.,WDNHDVPDOOYDOXHGHYLDWLRQLVVPDOOWR
HOLPLQDWHVWDWLFHUURUDQGRYHUFRPHRYHUVKRRWWKHV\VWHPDVVRRQDVSRVVLEOH.SYDOXHVFRQWLQXHWRGHFUHDVH
.,YDOXHXQFKDQJHGRUWDNHDOLWWOHODUJH
:KHQ GHYLDWLRQ FKDQJH UDWHV ZLWK QXPEHU WKH DPRXQW FKDUJHG WRZDUGV GHYLDWLRQ IURP HVWDEOLVKHG
YDOXH RI WKH GLUHFWLRQ RI FKDQJH 7KHUHIRUH ZKHQ FKDUJHG QHDUO\ VHWWLQJ WKDQ FROXPQV RI DQWL1R KLQGHU
LQWHJUDO DFWLRQ WR DYRLG LQWHJUDO RYHUVKRRW DQG FRQVHTXHQW RVFLOODWLRQ LV FRQGXFLYH WR FRQWURO ZKLOH WKH
DPRXQWFKDUJHGLVIDU IURPEHLQJFORVHWRHDFKSODQWLQJWRVHWYDOXHFKDQJHVEHFDXVHWKHWZRUHYHUVHZLOO
VORZ GRZQ WKH FRQWURO SURFHVV 7KH GHYLDWLRQ LV UHODWLYHO\ ODUJH WKH GHYLDWLRQ FKDQJH UDWH DQG WKH SDUWLDO
GLIIHUHQFHQXPEHU.SYDOXHVRI]HURRUQHJDWLYHLQRUGHUWRVSHHGXSWKHFRQWURORIWKHG\QDPLFSURFHVV
> @
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7KHVL]HRIWKHGHYLDWLRQRIWKHUDWHRIFKDQJHWKDWWKHGHYLDWLRQRIWKHUDWHRIFKDQJHWKH(&JUHDWHUWKH
3VPDOOHUWKHYDOXH.,YDOXHDQGYLFHYHUVD$WWKHVDPHWLPHLQFRQMXQFWLRQZLWKWKHGHYLDWLRQRIVL]HWR
FRQVLGHU
7KHGLIIHUHQWLDOHIIHFWFDQLPSURYHWKHG\QDPLFFKDUDFWHULVWLFVRIWKHV\VWHPWRSUHYHQWWKHFKDQJHRI
WKH GHYLDWLRQ KHOS UHGXFH RYHUVKRRW 23 HOLPLQDWH RVFLOODWLRQ WR VKRUWHQ WKH DGMXVWPHQW WLPH WV DOORZV
LQFUHDVLQJ.S WRPDNH WKHV\VWHPWRVWHDG\VWDWHHUURU LV UHGXFHG WR LPSURYH WKHFRQWURODFFXUDF\ UHDFKHG
VDWLVIDFWRU\ FRQWURO HIIHFW 7KHUHIRUH ZKHQ ( LV UHODWLYHO\ ODUJH .' WDNH ]HUR WKH DFWXDO 3, FRQWURO (
&RPSDUDWLYHKRXU.'WDNHDSRVLWLYHYDOXHWKHLPSOHPHQWDWLRQRIWKH3,'FRQWURO
)X]]\3,'FRQWUROOHUGHVLJQ
$QGFRQYHQWLRQDO3,'FRQWUROOHUFDQQRWDFKLHYHWKHRQOLQHDGMXVWPHQWRISDUDPHWHUVDQGWRWKLVHQGWREH
VHWXSRQWKHEDVLVRIFRQYHQWLRQDO3,'IX]]\SDUDPHWHUVHOIWXQLQJFRQWUROOHUDFFRUGLQJWRWKHGHYLDWLRQRI
WKHV\VWHPVL]HGLUHFWLRQDQGWUHQGFKDUDFWHUL]HGE\)X]]\5HDVRQLQJFRUUHVSRQGLQJWKHSXUSRVHRIGHFLVLRQ
PDNLQJ DXWRPDWLF WKH RQOLQH WXQLQJ 3,' WKUHH SDUDPHWHUVƸ.SƸ.,Ƹ.' LQ RUGHU WR DFKLHYH DPRUH
VDWLVIDFWRU\FRQWUROHIIHFW
)X]]\ 3,' FRQWUROOHU FRQVLVWV RI WKH WZR SDUWV RI WKH IX]]\ SDUDPHWHU WXQLQJ 3,' FRQWUROOHU )X]]\
SDUDPHWHUWXQLQJKDVWZRLQSXWVWKHGHYLDWLRQ(DQGWKHGHYLDWLRQRIWKHUDWHRIFKDQJHRI(&WKHUHDUHWKUHH
RXWSXWVSDUDPHWHUVRIƸ.SǃƸ.,ǃƸ.''HYLDWLRQRI ILHOG(DQG WKHGHYLDWLRQFKDQJHXQLYHUVH(&DQG
GHILQHSDUDPHWHUVƸ.SǃƸ.,ǃƸ.'VHYHQIX]]\VXEVHWV3%&KLD30FHQWHU36SRVLWLYHVPDOO=(
]HUR 16 QHJDWLYH VPDOO  10 QHJDWLYH PHGLXP 1% QHJDWLYH ELJ XVLQJ QRUPDOL]HG XQLYHUVH
0HPEHUVKLSIXQFWLRQZLWKIXOOV\PPHWULFDOWULDQJOHVRYHUODSVIXQFWLRQ6XPPDUL]HGDERYHDQGDFFRUGLQJWR
WKHGHYLDWLRQDQG WKHGHYLDWLRQFKDQJH UDWH IRU WKH LPSDFWRQ WKH V\VWHPRIG\QDPLFSURFHVVHVDWGLIIHUHQW
VWDJHV DUH VXPPHG VSHFLILF IX]]\ UXOHV WKH IX]]\ UXOHV DV VKRZQ LQ 7DEOH  EHORZ 0$;0,1 IX]]\
UHDVRQLQJUXOHVGHIX]]LILFDWLRQXVLQJWKHDUHDRIWKHFHQWHURIJUDYLW\PHWKRG&2*PHWKRG
,Q WKH DERYH WKH IX]]\ SDUDPHWHU WXQLQJ DFFRUGLQJ WR WKH GHYLDWLRQ DQG WKH UDWH RI FKDQJH RI WKH WKUHH
DGMXVWHGYDOXHRIƸ.SǃƸ.,ǃƸ.'3,'FRQWUROOHUKRZ WRDGMXVW WR WKHFKDQJHV LQ WKH UXOHVRI LWV WKUHH
SDUDPHWHUVDUHDVIROORZV

K\GUDXOLFV\QFKURQRXVGULYHWHFKQRORJ\
+\GUDXOLF IROGLQJ PDFKLQH EHQGLQJ KDYH EHHQ ZLGHO\ XVHG LQ WKH DXWRPRWLYH PDULQH UDGLR DQG
DSSOLDQFHPDQXIDFWXULQJ 7R HQVXUH WKH TXDOLW\ RI WKH IRUPLQJ RI VKHHWPHWDO EHQGLQJ WKH NH\ OLHV LQ WKH
EHDPV PRYHPHQW FRQWURO WR SURPRWH WKH DFWLYLWLHV DUUDQJHG DW WKH EHDPV ERWK HQGV RI WKH WZR K\GUDXOLF
F\OLQGHUV UHTXLUHPHQWV V\QFKURQRXV GULYH 7R WKLV HQG IRU WKH VPDOO OHVV SUHFLVLRQ K\GUDXOLF EHQGLQJ
PDFKLQH JHQHUDOO\ E\PHFKDQLFDO K\GUDXOLF VHUYR YDOYHPHFKDQLFDO IHHGEDFN V\QFKURQL]DWLRQ FORVHGORRS
FRQWURO)RUPHGLXPVL]HGK\GUDXOLFEHQGLQJPDFKLQHHOHFWURK\GUDXOLFVHUYRYDOYHRUSURSRUWLRQDOFRQWURO
V\QFKURQL]DWLRQFORVHGORRSFRQWUROYDOYHRUGLJLWDOFRQWUROYDOYHHOHFWULFDOIHHGEDFNWKHV\QFKURQRXVFORVHG
ORRS FRQWURO LV DSSURSULDWH K\GUDXOLF EHQGLQJ PDFKLQH IRU ODUJH PXOWLXVH RI HOHFWURQLFDOO\ FRQWUROOHG
YDULDEOHGLVSODFHPHQWSXPS,PSOHPHQWV\QFKURQRXVGULYHK\GUDXOLFEHQGLQJPDFKLQHDFFRUGLQJWRWKHDERYH
SULQFLSOHVJRRGUHVXOWVZHUHREWDLQHG
7KH FDU WKH VWULQJHU K\GUDXOLF PDFKLQH LV RQH RI WKH ODUJH HTXLSPHQW HVVHQWLDO IRU WKH DXWRPRELOH
PDQXIDFWXULQJ LQGXVWU\7KH DLUFUDIWJHQHUDOO\XVHPXOWLSOHSDUDOOHORSHUDWLRQRI WKHK\GUDXOLFF\OLQGHU WKH
K\GUDXOLF F\OLQGHU V\QFKURQRXV GULYH WR EHFRPH D NH\ WHFKQRORJ\ *HQHUDOO\ SURSRUWLRQDO FRQWURO YDOYH
S S S , , , , ' '        . . . . . . . . .+ + +
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FRQVLVWLQJ RI V\QFKURQRXV FORVHG ORRS FRQWURO WR DFKLHYH PXOWLF\OLQGHU V\QFKURQRXV GULYH 'HYHORSHG LQ
&KLQD.1DQG.1WZRNLQGVRIFDUVWULQJHUK\GUDXOLFSUHVVXVLQJDUDWLRRIV\QFKURQRXVFRQWURO
WHFKQRORJ\FORVHGORRSFRQWURO6SHFLILFDOO\WKHIRUPHUPDFKLQHLQWRDVWDQGDORQHGLVFUHWHV\QFKURQL]DWLRQ
SURJUDPWKDWHDFKVWDQGDORQHV\VWHPFORVHGORRSWKURWWOLQJVSHHGFRQWUROV\VWHPE\WKHGLVSODFHPHQWVHQVRU
DQGFXUUHQWSURSRUWLRQDOYDOYHFRPSRQHQWVDFFRUGLQJWRWKHV\QFKURQL]DWLRQFRQWUROVWUDWHJ\WRDFKLHYHHDFK
&\OLQGHUV\QFKURQL]DWLRQSXUSRVHV3UDFWLFHKDVSURYHGWKDWWKHDERYHK\GUDXOLFV\QFKURQL]DWLRQFORVHGORRS
FRQWUROV\QFKURQRXVPDFKLQHGULYHHIIHFWQRWV\QFUDQJHZLWKLQ00DQGV\QFKURQRXVGULYHVPRRWKVWXFN
DQG VKDNLQJ SKHQRPHQRQ/DWWHU VHYHQ F\OLQGHUV V\QFKURQL]HG FRQWURO RI ODUJHVFDOH K\GUDXOLFPDFKLQH ,W
XVHVFXUUHQWSURSRUWLRQRI&<%SXPSYDULDEOHGLVSODFHPHQWVHQVRUFRQVLVWLQJRIV\QFKURQRXVFORVHG
ORRSFRQWUROWKHIDVWGURSRIWKHK\GUDXOLFSUHVVUHSUHVVLRQEDFNKDXOV\QFKURQRXVGULYHRIWKHZKROHWULS,Q
DGGLWLRQ LW LVXVHG LQRUGHU WRDFKLHYH LQVWDQWDQHRXVPDJQHWLF WDFKRJHQHUDWRUVSHHG IHHGEDFNFRUUHFWLRQ WR
RYHUFRPH WKH GLVDGYDQWDJH RI ODUJH K\GUDXOLF PDFKLQH VHULRXVO\ XQGHUGDPSHG UHVXOW RI VWDWLF G\QDPLF
SHUIRUPDQFHDOVRDFKLHYHGJRRGUHVXOWV
,Q VXPPDU\ LW LV SUHFLVHO\ EHFDXVH K\GUDXOLF V\QFKURQL]DWLRQ FORVHGORRS FRQWURO FRPSDUHG ZLWK D
FRPSRVHG FRQYHQLHQW WKDQ RWKHU V\QFKURQRXV FRQWURO V\QFKURQL]DWLRQ FRQWURO KLJK SUHFLVLRQ HDV\ WR
LPSOHPHQW DQG FRQWURO DQG VXLWDEOH IRU KLJK SRZHU DSSOLFDWLRQV DQG IHDWXUHV VR LW QHHGHG KLJKSUHFLVLRQ
V\QFKURQRXVGULYHPRUHDQGPRUHRQWKHYDULRXVW\SHVRIKRVWDSSOLFDWLRQ,EHOLHYHWKDWZLWKWKHUDLVLQJWKH
OHYHORIWKHPDWXULQJRIWKHPRGHUQFRQWUROWKHRU\DQGDSSOLFDWLRQWHFKQRORJLHVPDWXUHDVZHOODVFRPSXWHU
KDUGZDUH VRIWZDUH K\GUDXOLF V\QFKURQL]DWLRQ FORVHGORRS FRQWURO LV ERXQG WR D FRUUHVSRQGLQJ HQULFK DQG
GHYHORSEHWWHUKXPDQ
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